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Abstract – The aim of the research was to develop an Effective Management Model (EMM) 
for a Gland Service System (GSS). The Systematic Approach to Engineering Design focuses 
on the optimisation of the GSS which is a fundamental pillar for the functionality of the slurry 
pumps in a tailings plant. The EMM was considered for a wide variety of mining applications 
to innovatively create a method for the correct design, implementation, control and 
maintenance of a Gland Service System.  A Production Performance Model (PPM) was created 
utilising the Overall Equipment Effectiveness (OEE) Theory to provide an indication of the 
production capacity of a tailings plant. The subsystem of the PPM was the EMM, its core focus 
was on the optimisation of the Gland Service System, which in turn directly relates the 
improved performance of the tailings plant which ultimately results in the improved capability 
of the mines production process. Simulink was used to incorporate the optimisation inputs of 
the GSS, thus forming a model from Qualitative and Quantitative feedback as well as the 
Experimentation with regard to water quality and its effect on the GSS. By using these data 
sets, triangulation of the data sampling systems was used. The combination of non-probability 
sampling, and purpose sampling systems formed the basis of the triangulation system. 
 
 
I. Introduction 
 
Mining in South Africa and the rest of the world contributes massively to the Gross Domestic 
Product (GDP) of their respective economies. According to the Chamber of Mines, in South 
Africa, mining contributes to 18% of the GDP (8.6% directly and 10% indirectly) [1]. The 
ability of the mine to produce is directly proportional to the ability of the slurry pumps 
operating in the tailing plants to remove the by-product associated with the mining process. 
Gland Service is instrumental in the preservation of the slurry gland seals, it forms part of a 
preventative failure strategy for the prolonged life of the slurry pumps. Since Gland Service is 
a vital component to sustain the life of the gland seal, it stands to reason that an Effective 
Management Model that focuses on an effective operation of a gland service system would be 
of a strategic importance for mining organisations.  
 
Gland Water is classified as a “hydrostatic lubricant that lubricates the packing/shaft sleeve 
interface, its flushes any solids from the seal into the pump and it rejects thermal energy 
developed by friction between packing fibres and the shaft sleeve”. [2] Gland Service is 
classified as “the most critical requirement for achieving satisfactory gland life is the supply of 
gland flush water at the correct pressure”. [3] When one slurry pump fails, the entire train may 
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come to a halt, as the slurry train is unable to make the desired pressure needed to pump the 
slurry to the tailings dam. When the slurry train is not operational; the entire process of the 
mine comes to a halt which results in massive losses for the mine. Hence the longer the gland 
seal lasts, the longer the mining process can last which in turn generates the product of the 
mine. Thus one of the challenges facing mining operations in South Africa and across the 
African continent is the correct design, implementation, control and maintenance of a Gland 
Service System (GSS) on various tailing plants. There are great losses sustained by business 
through mining operations due to the lack of an adequate gland service system. In order to 
satisfy the need of a problem free gland service system, an Effective Management Model for a 
GSS was researched.  
 
The concept of Gland Service is widely known however the specific details regarding water 
quality and the system set up had not been researched. The existing research covers the “particle 
and wear associated with a stuffing box” [3] of a slurry pump but the parameters of water 
quality in conjunction with the stratergy to design, implement, control and maintain the gland 
service system had not been researched. 
 
Hence the contribution of this research was the establishment of practical Gland Service Water 
Parameters along with an EMM that focuses on a strategy for the correct design, 
implementation, control and maintenance of a Gland Service System (GSS) along with a PPM 
that provides an indication of the effect the gland service strategy had on the capability of the 
tailings plant. The process to create the EMM and PPM was that of the combination of non-
probability sampling and purposes sampling. The data was obtained through participants based 
both onsite working on the Gland Service System as well as consultants and pumping 
companies who offer designs on Gland Service Systems, this was done in conjuction with a 
laboratory that was set up to determine what the actual water quality was in the field. 
 
II. Method of Systematic Approach to Engineering Design 
 
 
The Systematic Approach to Engineering Design (SAED) is a methodology that lays out a 
procedure to create a design for a new product, in the current research; the product is considered 
as the Optimisation of the Gland Service System. Hence the procedures found within the 
Systematic Engineering Approach are used to establish the design for the EMM and PPM. 
 
 
a) Establish the Core Function 
 
To review the Breadth-first top-down approach and use the current researches objective to 
establish the Optimisation of the Gland Service System as the function; 
 
b) Elaborate on Function Structures 
 
“Once the overall function is found, it is then decomposed into sub functions. The 
systematic variation of generally valid sub functions and task specific sub functions leads 
to the largest set of possible function principles.” [4] In the current research, the aim was 
to optimise the Gland Service System to such an extent as to introduce Overall Equipment 
Effectiveness Theory to actively reduce the losses associated with quality, speed and 
downtime. The Production Performance Model encompasses the production capability of 
the Tailings Plant; one of the sub functions of the Production Performance Model is the 
EMM. 
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c) Working Principle 
 
To review the abstract and physical concepts that form part of the working principle for the 
SAED theory. In the current research, the working principle consists of: 
 
 Abstract/Ideal Principles – Gland Service Parameters; 
 
 Water Quality Parameters 
 
Table 1: Water Quality Parameters 
pH Level 7 
Particle Size 40 Micron 
Total Dissolved Solids 
(TDS) 
1000 ppm 
 
 Flow Rate Requirements 
 
The industry standard of 3 times more flow (Safety Factor of 3) dependant on the stuffing 
box configuration. 
 
 Pressure Requirements 
 
It is recommended that the particular operating pressure be one bar (100 kPa) above the 
slurry pumps operating pressure. 
 
 
I. Real/Physical Principles –Water Quality Water Quality – Physical 
Parameters, Water Quality – Chemical Parameters, Comparisons of Various 
GSS,  and Filtration options; 
Water Quality 
 
“Water quality management may be defined as an effort to control the physical, chemical and 
biological characteristics of water.” [7] Hence water quality monitoring can be defined as “the 
collection of physical, chemical and biological characteristics of water through statistical 
analysis.” [8] Pumping applications only require focus on physical and chemical properties. 
Biological properties are virtually considered negligent when characterising a liquid for 
pumping. Thus for the purpose of the gland service case study a focus on water quality 
parameters that influence the life and operation of the pump was considered. 
 
 
Water Quality – Real Physical Parameters 
 
The following physical water quality parameters will be considered as part of the current 
research: 
 
I. Total Suspended Solids; 
II. Total Dissolved Solids; 
III. Specific Gravity of the liquid; 
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IV. Viscosity of a liquid. 
 Total Suspended Solids (TSS) 
 
Total Suspended Solids (TSS) of a solution constitutes the particles suspended in that sample 
of solution. This parameter of water quality was referred to as the non-filterable residue (NFR); 
this term then references to the measurement of the dry weight of the particles trapped by a 
filter; this filter is typically set to a particular pore size. In pumping this is the most important 
factor as the larger the particles and hardness of those particles, the greater the wear on the 
pump. 
 
 
 Total Dissolved Solids (TDS) 
 
Total Dissolved Solids (TDS) is the measure of all the combined content of all the inorganic, 
organic substances contained in a liquid, the states exists in molecular, ionized or micro-
granular suspended form. In general the definition is described as solids that must be small 
enough to pass through a filtration process with a filter sieve of two microns. The electric 
conductivity of water is directly related to the concentration of dissolved ionized solids in the 
water. The ions present in the water create the ability for the water to conduct electricity. This 
electric conduction in water can be measured by the use of a conductivity meter. “Conductivity 
meters, Total Dissolved Solids (TDS) meters and resistivity meters are analytical 
instruments that measure the conductivity, dissolved solids, and/or resistivity of a liquid 
sample.” [9] 
 
 Specific Gravity of the liquid 
 
The specific gravity of a fluid has been designated as SG and the definition of SG is “the ratio 
of density of the fluid to the density of water as a specified temperature.” [10] In the pump 
industry, the SG of the liquid is one of the primary considerations for the design and selection 
of a pump, for the system, suited for the liquid being pumped. Due to the importance of this 
characteristic for pumping, the case study investigates the effects of SG on the pumping system. 
 
 
 Viscosity of a liquid 
 
“A change in fluid properties such as density, viscosity by means of adding liquid slurry into 
the pumped medium, will influence the pump’s characteristics.” [11] “As the viscosity 
increases the head required for a given flow rate increases and the efficiency decreases and the 
power increases.” [11] “In flowing liquids the existence of internal friction or the internal 
resistance to relative motion of the fluid particles with respect to each other must be considered, 
this resistance is called viscosity.” [12] 
 
Water Quality – Real Chemical Parameters 
 
The following chemical water quality parameters will be considered as part of the current 
research: 
 
I. pH of the liquid; 
II. Total Hardness of the liquid; 
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III. Total Alkalinity of the liquid; 
IV. Temperature of the liquid. 
 pH of the liquid 
The term pH comes from the French word, “Pouvoir Hydrogene” which means hydrogen 
power. Hence pH is the measurement of hydrogen ions concentration in a solution. Solutions 
with high concentrations of hydrogen ions are considered to have low pH values. Acids are 
considered to be solutions with low pH values. "An acid may be defined as a body containing 
hydrogen, which hydrogen may be replaced by a metal (or group of elements equivalent to a 
metal) when presented to it in the form of an oxide or hydrate". [13] Subsequently solutions 
with low concentrations of hydrogen ions are considered to have high pH values. Bases or 
alkaline solutions are considered to have high pH values. Jago states, "a base is a compound, 
usually an oxide, or hydrate of a metal (or group of elements equivalent to a metal), replacing 
the hydrogen of an acid when the two are placed in contact." [13] 
 
 
 Total Hardness of the liquid 
Water hardness is regarded as a common problem facing the pump industry as the water used, 
tends to create excess lime scale. The presence of excess lime scale within a system tends to 
lead to additional losses of pressure due to the relative roughness of the pipe increasing to such 
an extent that it affects the passing of water though the pipe section in question. The presence 
of multivalent cations in the water leads to the determination of the water hardness. Multivalent 
cations are positively charged with a charge greater that 1+, in most cases cations have a charge 
of 2+. The most common cations found in water include 𝐶𝑎2+ and 𝑀𝑔2+. “Scale results from 
the precipitation of calcium carbonate, which becomes less water soluble as the temperature 
increases.” [14] Water hardness can be measured by titration or by quantification of individual 
ion concentrations namely Calcium and Magnesium. In practice the titration method is usually 
utilized. "The titration method is based on a colorimetric reaction that occurs when all harness 
ions have been removed from the solution. " [14] 
 
Table 2: Hardness of Water Classification 
Classification Hardness in 
mg/l 
Soft 0-60 
Moderately Hard 61-120 
Hard 121-180 
Very Hard ≥ 181 
 
 Total Alkalinity of the liquid 
 
Alkalinity is the measure of the ability of water to neutralise acids. Alkaline compounds in 
water such as bicarbonates and hydroxides tend to react and the resultant chemical reaction 
removes positive ions and hence lowers the acidity content of the water. 
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Table 3: Alkalinity Reaction 
pH Reaction 
10 hydroxide reacts to form water 
8.3 carbonate is converted to 
bicarbonate; 
4.5 all carbonate and bicarbonate is 
converted into sulphuric acid 
 
 Temperature of the liquid 
There are various applications whereby a thermometer can be utilised, when it comes to water 
analysis, most properties associated with water quality are temperature dependant and hence 
temperature was a major factor that needed to be measured in order to clearly define the other 
parameters associated with water quality. “Temperature change is usually measured by 
observing the change in another temperature-dependant property.” [15] 
 
Various Gland Service Systems 
 
 
 Positive Displacement System 
 
“A positive displacement pump is one in which a definite volume of liquid is delivered for each 
cycle of pump operation.” [5] “The positive displacement pump differs from centrifugal 
pumps, which deliver a continuous flow for any given speed and discharge resistance” [5]. 
Hence the positive displacement pump has virtually no restrictions on pressure demand but 
cannot produce additional flow if required. The idea surrounding the implementation of this 
pump into a gland service system is to have one pump working with every slurry pump in the 
train. Hence if there are five slurry pumps operating in a train, there will also be five positive 
displacement pumps operating as well. "If the slurry pump wears in the stuffing box, the 
amount of water required will increase and if the pump only produces a constant flow rate then 
the pump cannot supply enough water to the stuffing box and the slurry pump wears 
excessively and eventually fails." [6] 
 
Table 4: Positive Displacement Pumps Comparison of Benefits 
 Positives Negatives 
 
 
 
Positive Displacement Pump 
System is simplistic, works 
well in the beginning. 
Stuffing box wears over time, positive 
displacement pumps cannot add 
additional flow 
I.e. Constant Fixed Flow 
 Positive Displacement pumps are 
needed for each slurry pump in the train, 
very expensive. 
 
 
 Multi-stage Pressure Specific Take Off’s (Interstagal Pressure) System 
 
 
Due to the fact that a Multi-stage pump is classified as rotodynamic, the flow rate and pressure 
vary along a given curve and the duty point is the intersection of the pump curve with the 
system curve. Hence the centrifugal multi-stage pump has the opportunity to increase flow with 
the change of the system curve. Multi-stage pumps are fitted with “take off branches”, these 
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take offs are middle bodies on the multi-stage that are specifically designed to allow flow 
though the section. These are considered as specific pressure tap off points. The multistage 
pump works very similarly to the series pumping of the slurry pump train. The flow is constant 
but the pressure increases with every impeller in the pump. This approach then allows the pump 
to produce a constant flow rate at specific pressures through each take off terminal. At each 
take off branch, a hydraulic hose pipe is connected and then connected into the stuffing box of 
the slurry pump. This system hence controls the pressure but the flow is a concern, hence the 
use of an orifice screwed into the stuffing box, correctly adjusts the flow. “The orifices are to 
protect any multi-stage centrifugal type pump fitted with a balance valve hydraulic thrust 
device from over pumping.” [5] 
 
Table 5: Multi-stage Pumps with Pressure Take Off's 
 Positives Negatives 
 
 
Multi-stage Centrifugal 
Pump with Pressure Specific 
Take off Branches 
System is cheap to Maintain 
and it is a fairly simply 
system 
The take off hydraulic hoses 
can be mixed up.  
It can produce more flow if 
the stuffing box wears. 
 
 
 Multi-stage Ring Main System 
 
A Ring Main system is a pressure regulated system that operates with one multi-stage pump. 
The system works similarly to the multi-stage take off system but instead of using take off 
branches, the systems utilises pressure reducing valves (PRV) to regulate the desired pressure.   
The orifice is screwed into the slurry pump stuffing box with a non-return valve located directly 
behind the orifice; this is done to save the multi-stage from any mud that might escape the 
stuffing box of the slurry pump. In order for the ring main system to operate correctly it has a 
control system associated with it to control the pressure and flow rate. The Ring main approach 
requires a manifold and all the valves and gauges in order to allow the system to run correctly, 
it is one of the more expensive approached to solving the gland service issue but it has less 
possibilities of failure.   
 
Table 6: Multi-stage with Ring Main 
 Positives Negatives 
 
 
Multi-stage Centrifugal 
Pump with Ring Main 
Control System 
Very Accurate System PRV’s can be misplaced on system 
causing a safety issue 
It can produce more flow if 
the stuffing box wears. 
Quite expensive to implement 
Pipe work is reduced to a 
minimum so no human 
errors can come into account 
 
 
 
Filter Options 
 
All GSS has a water "cleaning" process that must be conducted in order to clean the water to a 
certain specification that will be adequate for gland service. [16] 
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 Self-Cleaning Backwash Filters 
 
While utilising an integrated backwash system, the self-cleaning unit removes suspended solids 
within the water. This type of filter unit can be supplied in various pipe configurations and 
hence different screening sizes and flow production. A control system that is utilised for the 
unit can be pneumatically controlled or electronically controlled, this type of control can allow 
for automatic backwashing of filter elements. 
 
 Gravity Filter System 
 
"The gravity filter was developed for application where traditional screen filters and sand filter 
cannot operate." [16] Its design is highly sought after, for applications whereby raw water 
containing large quantities of organic and fibrous materials are found. The idea behind gravity 
feed system is that it allows gravity to feed the water though the system thus avoiding 
permanent blockage of the screen. 
 
 Girosand Filtration System 
The Girosand Filtration System is based on using a sophisticated sand backwash filtration 
system. The raw water is fed from the top of the cylinder, the raw water then moves to be base 
of the cone bottom filter. The raw water then moves through the sand and filtered water is then 
ejected out the upper weir. A radial grating system ensures the water effluent is distributed 
evenly across the filter. The contaminated sand falls to the bottom of the filter whereby it is 
transported by an external airlift to a wash chamber located at the top of the filter. 
 
 
d) Combined Working Principle 
 
This is considered the combination of the working principles. This forms part of the “detailed 
design” and hence it unites the elements associated found in the working principles with the 
goal of creating a functional structure that aims to optimise those principles. The Combined 
Working Principles effectively act as the mechanism for the design process. In the current 
research, Overall Equipment Effectiveness and Weight Criteria Theories were used to combine 
the working principles. The inputs are considered the working principles while the combined 
working principle unites the working principles and the desired aspects to create the final 
specification. In the thesis, the OEE theory uses aspects associated with performance to rate 
systems. These rating aspects are used in conjunction with the working principles to model 
them into a final specification. 
 
 OEE 
 
When considering the Production Performance Model (PPM) and the Effective Management 
Model (EMM) to represent the production capability of the Tailings Plant in the current 
research, it is important not to complicate the said models and make them as simple as possible 
before proceeding with the analysis. For simplicity sakes the Gland Service System (GSS) will 
be based on the overall equipment effectiveness theory.  Whenever productivity has been 
mentioned, whether it is for a GSS or a production machine the same concept applies, 
productivity is the actual output divided by the actual input. Overall Equipment Effective 
(OEE) is defined as "how effective your installations are." [17] When considering an OEE, the 
output of the OEE must be analysed for an effective system. 
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 Weighted Criteria Approach 
 
One method to determine the specific outcomes of both the PPM and the EMM was that of the 
Kepner-Tregoe Method for Analysing Alternatives. [18] When systems are being evaluated 
there must be comparative components, these components would then lead to the discovery of 
the outcome and hence would be needed to justify the result. Thus when utilising a method of 
comparing alternatives the desired design criteria are compared and evaluated. 
These goals are referred to as specific outcomes of a project; these specific outcomes are used 
to determine the most feasible approach to solving a problem.  
 
 
e) Embodiement of the Design 
 
When approaching the design of the EMM, the process of designing must be adhered to. 
Therefore all the steps taken form part of the design process and hence the EMM is treated as 
if it is a product that needs designing. The technology involved in product design has been 
applied to the construction of the EMM and has effectively combined the subject matter of the 
participant’s requirements with physical parameters that must be focused on in order to achieve 
the best possible solution. 
 
 
III. Method of Experimental Data collections for the Working Principles 
 
In order to control the experimental environment, we have “to hold the physical environment 
of the experiment, constant” [19]. In the current research the laboratory where the water quality 
experiments would be conducted, would need to be regulated. Thus the measuring technical 
along with the calibration of the various measuring equipment would have to be done in order 
for the experiment to yield valid results. 
“Experimental designs are unique to the experimental method” [19]. It is predominantly up to 
the researcher to apply his own knowledge to designate relationships between “experimental 
treatments and the observations/measuring points” [19] in the research design.  
 
In the current reserach the independent variable remains the water quality parameters for Gland 
Service as stated in section 2, Method of Systematic Approach to Engineering Design.  
However the effect of varying parameters will have a significant effect on both the suction of 
the pump system (Filter Comparisons) and on the Delivery of the pump system (Various GSS), 
hence data will be required to draw comparisons on Water quality as well as the various 
participants’ inputs. The three aspects are described below: 
 
I. Water Quality – Chemical and Physical Characteristics; 
II. Comparisons of the Various Gland Service Systems; 
III. Comparisons of Various Filtration Options. 
 
 
Water Quality – Chemical and Physical Characteristics 
 
Each of the tests done were conducted in a laboratory, these water quality tests used standard 
methods to extract the data for the following physical parameters with regards to water quality: 
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I. Total Suspended Solids; 
II. Total Dissolved Solids; 
III. Specific Gravity of the liquid; 
IV. Viscosity of a liquid. (Assumed to Be 1.0, standard water – not measured) 
For the purpose of this journal, the exact method to conduct each experiment for each physical 
and chemical aspect has been neglected, this has been done in order to get to the objective of 
the journal which is to optimise the gland service system and not detract from the research 
outcomes. Each of the tests done were conducted in a laboratory, these water quality tests used 
standard methods to extract the data for the following chemical parameters with regards to 
water quality: 
 
I. pH of the liquid; 
II. Total Hardness of the liquid; 
III. Total Alkalinity of the liquid; 
IV. Temperature of the liquid; 
 
Comparisons of the Various Gland Service Systems 
 
In the Case study which relates to the current research, the Gland Service Systems are in 
operation across various parts of South Africa and Africa. The systems may take many forms; 
these forms consist of “Positive Displacement -Pumps System, Specific pressure Take Off’s 
System and a Ring main System” [6]. When considering the operation of each system the 
following assumptions should be made because logically if they are not met, the systems cannot 
be compared against one another. 
I. The water quality found within the system is the same in each case; 
II. No unskilled labour issues exist, i.e. the system is run exactly as it is intended to 
run. 
The various systems were compared to one another by using the weighted criteria approach. 
The Qualitative and Quantitative Data was used to base the comparisons of the various systems 
against one another. 
 
 
Comparisons of Various Filter Options 
 
A Gland Service Multi-stage Pump will require the following physical flow conditions in order 
for the pump to work in accordance with the specified gland service parameters: 
 
I. “Flow Rates are dependent on the stuffing box configuration” [20] but in general the filter 
produces water at large enough capacities in order to successfully feed the gland service 
pump, in order for the pump to produce the gland service system’s desired duty; 
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II. The TSS particle size should be between “40 Micron to 60 Micron” [20], hence the filter 
should be set to these micron screen settings. However further research in this thesis 
indicates that the above mentioned parameters are not practical and cost effective, hence 
large micron screens should be installed; 
III. The “TDS should not exceed 1000ppm”. [6] 
With these conditions in place, there is then a fixed constraint to which the filter needs to be 
sized to the specific system. The various systems were compared to one another by using the 
weighted criteria approach. The Qualitative and Quantitative Data was used to base the 
comparisons of the various systems against one another. 
 
IV. Method of Modelling for the Combined Working Principles 
 
The Combined Working Principle aims to “unite the physical sub functions of the working 
principle with the end result which is to optimise those sub functions”. [21] In the current 
research the OEE theory and Weighted Criteria theory has been used in conjunction with 
controls systems application theory which extends to Simulink, “these then represent the 
physical aspects in a model form” [22] These theories are mathematically represented in the 
model; this forms the foundation of the EMM and the PPM. In terms of the productivity of the 
mine, “the tailings are directly responsible for the production of the mine.” [23] Hence if the 
following treatment levels are not met, the product will decrease as the tailing will not be able 
to function properly.  
The treatment levels for the current research are the following: 
 
I. Life and Healthy Operation of the Gland Service Pump; 
II. Wear of the Stuffing Box and the Life of the GSS; 
III. Ease of operation of the GSS; 
IV. Labour effect on the GSS; 
V. Cost and Downtime effect of the failure of the System; 
All of the above mentioned treatment levels have varying effects on the overall effectiveness 
of the mine. In order to combine working principles, a Production Performance Model was 
created to indicate the production capability of a tailings Plant. The EMM is considered the sub 
system of the PPM and thus focuses on the optimisation of the Gland Service. The PPM 
provides the indication of how the production increases or decreases, with that been considered, 
the PPM is considered the indicator of how the Gland Service System effects the production 
capability of the plant. 
 
 
 
Production Performance Model (PPM) 
 
Looking at the PPM model the following applies: 
 
I. There is a subsystem used to represent the formulation of the theoretical production 
time; 
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Figure 1: Theoretical Production Time 
Figure 2: External Losses 
II. A subsystem has been created to represent the external losses of the system; 
III. A subsystem has been created to represent the GSS Productivity losses of the system; 
IV. A subsystem has been created to represent the process losses of the system; 
 
The Theoretical production is made up of operating time, productivity losses, process losses 
and external losses. 
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Figure 3: GSS Productivity Losses 
Figure 4: Process Losses 
The external losses consists of three major contributions that are experienced in a mining 
application, namely Strikes, Safety breaches resulting in closure and environmental breaches 
resulting is closure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The GSS Productivity losses consists of the underachievment of the system. On the mine, 
underachievment is simply the percentage of production loss trough a system due to the system 
not performing 100% effectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Process losses are one area whereby proper planning can result in minimizing the losses 
associated with the system. The process model comprises of planned system maintenance but 
also has breakdowns as a consideration, hence breakdowns form part of critical system failures.  
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Figure 5: OEE 
Overall Effectivess of the System - PPM 
 
The PPM is made up of Theoretical Production minus all the above mentioned losses associated 
with a GSS. Hence the model displayed below shows the four subsystems necessary for the 
construction of the PPM for a Gland Service System. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The outcome of the OEE provides vaulable system information such as the Planning Factor; 
The Total OEE and the GSS OEE. The percentages generated are used to compare the 
effectiveness of the system. This type of manufacturing optimisation theory can be applied to 
all manufacturing processes and is easily adaptable for various mining operations. 
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Figure 6: Economical Aspects of the Mine 
The Production Performance Model not only considered the effectiveness of the GSS as shown 
in the OEE model above it also takes into account the economical effect of the Gland Service 
System. In industry the economical impact is a serious consideration. 
Looking at the model the following applies: 
 
I. Their economic aspects encompass the OEE model, thus the economic model includes 
the same process used in the OEE model of the PPM; the OEE model can be considered 
as a subsystem of the economic Model; 
II. A subsystem has been created to represent the Economic Turnover of the system; 
III. A subsystem has been created to represent the Economic Losses of the system. 
The Economical Aspects associated with the GSS has been described in the model below. 
 
 
 
 
 
 
 
 
 
 
 
 
The economical aspects are repsented by the availible production verses the turnover the GSS 
effects on the Tailings Plant. 
 
 
Economic Losses 
 
The Economic losses associated with the GSS is made up of two major consideration namely: 
 
I. GSS Productivity Losses; 
II. Process losses; 
Both of these two considerations influence the turnover of the Tailings Plant. The PPM then 
indicates what effect the Gland Service System has on the Tailings Plant. The next model 
indicates the construction of the economical losses associated with the GSS. 
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Figure 7: Economical Losses 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The model utilises the same processes used in the OEE Theory Model and produces outputs 
that are used in the economical segment associated with the PPM with estimated figures to 
determine the losses verses the turnover associated with the operation. The PPM focuses on 
the economic aspects relating to the functioning of the Tailings Plant as well as the 
effectiveness of the tailings plant with regard to the losses sustained through the operation of 
the slurry pumps in the Tailings plant. 
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Figure 8: Economical Aspects of the PPM 
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Figure 9: How Theoretical Products Suffers from Actual Loses 
Effective Management Model - EMM 
 
The detailed design focuses on the construction of the EMM, this model focuses on the break 
down losses associated on a mine in the OEE. The Overall Effectiveness Model for the PPM 
is made up of three losses namely; 
 
I. External Losses; 
II. Productivity Losses; 
III. Process Losses. 
 
 
 
 
 
 
 
 
 
 
 
To achieve 100% production capacity the losses need to be minimized towards a zero limit. 
External losses cannot be predicted and hence cannot be planned for. These losses are external 
to the business, such as strikes, load shedding and other attributes that may causes production 
losses that are not within the control of the business. 
However both Process Losses and Productivity Losses are part of production and are within 
the organisation’s ability to remedy the situation.  Hence the EMM centralises around 
productivity losses and process losses. 
 
 
Process Losses 
 
The process model comprises of planned system maintenance but also has breakdowns as a 
consideration. The EMM will highlight breakdowns as the main contributor to the failings of 
production in a Tailings Plant. Planned maintenance shouldn’t be an issue as it is factored into 
the time losses but breakdowns occur due to lack of planning and maintenance and hence will 
be considered in the EMM.  
 
Process Losses 
 
 
Breakdowns 
Reliability 
Long-term Solution 
Controllability 
Installation Ease 
Maintainable 
Simplicity 
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Figure 10: Breakdown Model 
Figure 11: Productivity Losses Expanded 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The aspects affecting the breakdown model are shown in the table above. Each aspect needs to 
be monitored when working on the GSS in order for the best possible outcome.  
 
 
Productivity Losses 
 
In the current research, the GSS is also affected by productivity losses namely, 
underachievement of the system. The underachievement of the system is based on labour skills 
shortages and the actual design specification of the gland service system. If the labourers are 
unskilled, the GSS will deteriorate as correct procedure may be ignored simply due to the 
understanding of how the system works. Furthermore there is always migration of labourers 
which means the skills needed are always a challenge to find. Hence underachievement of the 
production capability has a labour aspect associated to its model, due to labour being so 
extensively involved. 
 
The other aspect of under achievement is that of the actual design and correct specification of 
the gland service system. The GSS will have increased failures and under performance if the 
correct specification is not applied in the set up of the plant. Hence the more accurate the GSS 
to the specific requirements of the tailings plant, the better the outcome and the greater the 
performance of the tailings plant. 
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The EMM uses the Correct Gland Service Specification and Reduced Labours to thus improve 
the performance and efficiency of the system. 
 
Table 7: Productivity Losses 
Productivity Losses 
 
 
Underachievement 
Correct Specification of the Gland Service 
Parameters 
Labour Skills Shortage 
 
 
The EMM has been focused on two major aspects that affect the overall effectiveness of the 
Production Process for a Tailings Plant by use of a GSS. The Model strives to encourage 
preventative maintenance of the GSS. Preventative maintenance has been described as “use-
based maintenance” [24].  The EMM strives to invoke the concepts of preventative 
maintenance within its design structure. 
 
This was how the EMM was formed however the stratergy and formation of the solution that 
corrects the Gland Service System and hence changes the EMM to effect the change back into 
the PPM will be dicussed in the following section. 
 
 
V. Results 
The aim will be to determine the scientific results for the optimisation of a Gland Service 
System. The results pertaining to the experimentation carried out on the water quality testing 
was reviewed. The tests were conducted in Rustenburg, Witbank and Steelpoort. The results 
vary and are used in conjunction with the Triangular analysis. The comparison of Gland Service 
Systems and the comparison of Gland Service Systems with respect to the Design, Implementation, Control and 
Maintenance was reviewed along with various filtration options. Various participants were interviewed, namely: 
Maintenance crews, onsite personnel and slurry pump experts along with various consultants and pump 
installation experts.  
 
Once the results had been obtained, each segment of the result were discussed and interpreted 
with concentration on the triangulation of the Quantitative and Qualitative results. Finally we 
conclude with the weighted criteria establishment of which gland service system will be the 
best for the operation with regards to the specified criteria. 
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Table 8: Gland Service Strategy Results 
Parameter Result Conclusion 
Gland Service Pressure 50KPa, 100KPa Results vary, however 100 KPa (1 
bar) is the most common 
pH of the Water 5.5-11 The closer the water pH balance is 
to 7, the longer the life of the gland 
service pumps was well as stuffing 
box. Pump materials can be selected 
to enhance resistance to the 
chemical imbalance. Cast iron is 
better for more Alkaline solutions 
whereas Phosphorous bronze and 
Stainless steels work for more 
acidic solutions to a certain extent. 
Water Hardness 300 - 500 Once the water hardness starts 
exceeding 500, the scale drastically 
builds up and starts to affect the 
performance of the system. Treat 
the water to avoid the water 
hardness escalating. 
Particle size 300 micron The GSS requirements require 40 
Micron however 300 will suffice in 
the field. The cleaner the water, the 
longer the life of the pump will be 
but economically it simply is not 
viable to clean mine water to that 
level. 300 Micron is sufficient for 
good life of the gland service pump 
and for packed gland stuffing 
boxes. 
TSS 40-80 mg/l The less total suspended solids in 
the water the longer the life of the 
pump. The GSS requirement of 40-
80 mg/l seems to be achievable in 
the practical environment. 
TDS 1000ppm The lower the concentration of 
Total dissolved solids, the cleaner 
the water appears and the less it will 
wear the stuffing box. The GSS 
requirement of 1000ppm seems to 
be achievable in the practical 
environment. 
 
Most Chosen GSS Type Ring Main For singular slurry trains, the slurry 
manufacturer tends to select the 
Pressure Specific GSS. For 
complex systems and for singular 
trains, both the consultants as well 
as the slurry manufacturers tend to 
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choose this system. The Ring Main 
seems to be more popular overall 
due to the fact that it is more flexible 
and more controllable in the field 
than the Pressure Specific Gland 
Service System. 
Ideal GSS Ease of Use 
Labour Free 
Water Saving 
Energy Saving 
Most of the people agree that if 
there was a way to do away with the 
GSS they would opt for that option. 
However reality indicates that a 
GSS must be used hence the ideal 
system most focus on ease of Use 
and Labour free issues. Plus a focus 
must be made on water 
conservation and power saving. 
Down Times Losses Depends on  the 
site, 
it ranges between 
R500 000 to 
R1000 000 per 
hour loss. 
The records vary but the majority of 
participants who were interviewed 
worked on large scale plants and 
hence showed large losses 
associated with the down time of 
their plants. 
Most expensive GSS in 
terms of Maintenance 
Positive 
Displacement 
The results from the various 
participants highlighted, the system 
works well in the beginning but as 
it wears, the demand for water 
increases and the positive 
displacement pumps fail as they 
cannot produce more flow, there 
design limits them to a fixed flow 
rate. 
Best Filtration option for a 
GSS 
Self Cleaning 
Filter 
The results indicate that the Self 
Cleaning Filter is the easiest filter to 
install and maintain. Plus the cost 
for installation is far more cost 
effect than the Girosand and 
Gravity Feed Options. 
 
 
End Users Preferred Choice of GSS  
 
 
Expectations of the 
End User 
Water Conservation – Savings on Water Costs 
Power Conservation – Savings on Power Costs 
Water Quality – Savings on the Costs associated with water 
quality cleaning 
Overall Cost effective Solution 
 
 
The end users requirements were drawn up in a weighted criteria table and the alternatives were 
analysed. The Gland Service System with the highest score worked out to be the Ring Main 
System due to the fact that it is able to be used in both simple and complex systems. Also it has 
International Association for Management of Technology 
IAMOT 2016 Conference Proceedings
1874
the ability to be controllable, thus allowing for maximum precision for Water Conservation 
and Power Conservation. Both Water and Power conservation are key mile stones that mines 
are constantly under pressure from, both from an environmental aspect as well as a cost savings 
expectation. 
 
One other major advantage that the Ring Main system has over the pressure Specific System 
is the fact that the control system cannot be mixed up with different pumps, the Pressure 
Specific Take Off’s can get mixed up if the skill of labour on site is at a shortage. 
 
 
IV. EMBODIMENT OF THE DESIGN FOR THE EMM – STRATERGY FOR THE GSS 
 
When approaching the design of the EMM, the process of designing must be adhered to. 
Therefore all the steps taken form part of the design process and hence the EMM is treated as 
if it is a product that needs designing. The technology involved in product design has been 
applied to the construction of the EMM and has effectively combined the subject matter of the 
participant’s requirements with physical parameters that must be focused on in order to achieve 
the best possible solution. 
 
When designing a product or a model, a Product Design Specification (PDS) is always 
constructed to determine the most critical aspects that need to be included in the design. The 
four pillars of requirements are: Design, Implementation, Control and Maintenance 
considerations, they are necessary to fulfil the expectation of the various participants. 
 
The stratergy plan needed in order to obtain the chosen four pillars is: 
 
I. Correct Specification of the GSS; 
II. Correct Water Quality Specification 
III. Technical embodiment of the EMM 
Table 9: Correct Specification of the GSS 
Correct Specification for the Gland Service System 
Step 1:  
Identify the type of Slurry Pump utilised in 
the train 
 
Step 2: Use the Slurry Pump manufactures 
recommended stuffing box arrangement 
water requirement to determine the correct 
water requirement per slurry pump 
 
Step 3: Determine how many pumps are in 
operation for one train or for the entire 
Tailings Plant 
 
Step 4: Take the number of slurry pumps and 
multiply it by the flow required per slurry 
pump then finally take a safety factor of 2 to 
3 to enable that there is sufficient flow 
available. Now you have determined the flow 
required for the GSS. 
 
Step 5: Take the slurry pump’s operational 
duty and add them up to find out what the 
total operating pressure will be, and then add 
100 KPa on top of the pressure to obtain the 
Step 6: Identify the highest Gland Service 
Pressure required and work out the Total 
Dynamic Head (TDH) for the System. Size 
the PRV’s to accommodate the individual 
pressures required. 
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final GSS pressure. You now have the duty 
required to successful operate a GSS. 
 
 
 
In order to fulfil the requirment of the correct Design, the specifcation of the GSS must be 
adhered to. The correct specification of the GSS beings about the stratergy to properly lay out 
the design of the system. If the Design is correct, the Control and Maintenance of the system 
will be greatly improved. 
 
Table 10: Water Quality Specification 
Physical Parameters Chemical Parameters 
Total Dissolved Solids (TDS) ≤ 1000 𝑚𝑔 𝑙⁄  
pH 6.5 to 8.5 
Specific Gravity (SG) 0.98 – 1.03 Water 
Hardness 
≤ 300 
𝑚𝑔
𝑙⁄  
Total Suspended Solids (TSS) 40 − 80 𝑚𝑔 𝑙⁄  
Total 
Alkalinity 
100
− 400 
𝑚𝑔
𝑙⁄  
Particle Size ≤ 300 𝑀𝑖𝑐𝑟𝑜𝑛 Temperature 𝐴𝑚𝑏𝑖𝑒𝑛𝑡 
 
The water quality specification ensures the pump lasts significantly longer along with the 
stuffing box of the slurry pump hence the maintenance issues are greatly reduced. With the 
specification of the water quality for gland service, the conservation of water is observed and 
the costs associated with the filtration of the water is reduced apposed to the former water 
quality parameters. 
 
Table 11: Technical Embodiment of the EMM 
Design of the EMM for a GSS 
Stage 1: 
Specification of the Gland Service Requirement-  
 
Stage 2: 
Specification of the Water Quality Requirement-  
 
Stage 3: 
The system must have one operational unit and one standby unit. 
 
Stage 4: 
The motors could be fitted with VSD’s and an interfacing Control Panel. 
 
Stage 5: 
Each Slurry Pump is to be fitted with a GS control system; these control systems must include 
a Pressure reducing Valve (PVR) and an in-line Flow Transducer. 
 
Stage 6: 
Each PVR and In-line Flow Transducer must be set to the specific requirement of the Slurry 
Pumps Gland Service Requirement. The VSD’s Control System must be set up to the output 
signals issued by the Transducers 
 
Stage 7: 
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The main control interface will have a layout that will have a diode light up control panel 
that will highlight the slurry pump stuffing boxes that require maintenance. The panel would 
then provide an indication to how much flow is going through each stuffing box, thus 
providing an indication to how much wear is associated with the particular stuffing box. 
 
The design of the EMM for the Gland Service System lays out the stratergy needed to 
implement the gland service system.  Finally the Technical Emdobiment of the EMM follows 
a process to establish all four of the clients requirement pillars. Hence, the Design, 
Impelmentation, Control and Maintenance are covered in the embodiment design. 
 
 
VI. Conclusion 
Gland Service has always been considered as an important preventative maintenance technique 
by Slurry Pump end users however the design, implementation, control and maintainability 
with regards to Gland Service had not been fully developed in the work environment. The 
relationship between the mines production capacity verses the ability of the slurry pumps to 
remove the by-product associated with the process was then compared in conjunction with the 
effect Gland Service had on the preventative maintenance of the gland seals which resulted in 
the improvement of premature tailing plants failures. The theoretical approach to product 
development in conjunction with analysis techniques of Engineering Management was 
combined to establish the most effect way to manage a Gland Service System and hence 
optimize the Tailings Plant. Furthermore the PPM was developed in order to provide an 
indication of what effect the Gland Service, (EMM) had on the Tailings Plants effectiveness 
which then related to the economical outcome of the mines production capacity. 
 
The author recognized the need to create a standard means to operate gland service in order to 
promote the optimisation of the production capacity of a Tailings Plant. The objective of the 
EMM was to establish a strategy to minimize production losses associated with process and 
productivity losses inherit with running a slurry train. The research utilises the systematic 
approach to engineering design as the structured approach to construct the embody design of 
the EMM. The principals associated with Overall Equipment Effectiveness were used to create 
the Production Performance Model (PPM) for the Tailings Plant. 
 
A valuable contributed was made by developing the EMM based on the correlation of the 
triangulation results. The results were stream lined into a viable, sustainable, practical model 
which formed the basis of the EMM. By utilising existing Gland Service Systems and taking 
experimental measurements of the water quality, a parameters comparison was drafted from 
the prescribed gland service parameters to the actual findings on site.  
 
Once the correlation of data was established, the results were presented, thus a practical set of 
Water Quality parameters were obtained and used in the specification of the EMM. The 
contribution of these parameters, translates into massive savings with regards to costs 
associated with water filtration and extended life for the stuffing boxes of the slurry pumps. 
This model effectively takes the most critical identified aspects of Gland Service and provides 
a means to successfully Design, Implement, Control and Maintain a Gland Service System and 
hence improve the life, reduce the cost of maintenance of the slurry train in a tailings plant 
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